dehydrogenases (ADHs) display continued interest for the manufacturing of chiral alcohols [16, 17] .
The application of ADHs as biocatalysts dramatically improves the stereochemical quality of asymmetric reduction of ketones, leading to products with remarkable chemo-, regio-, and stereoselectivity [18] . However, ADHs enzymes catalyze the reduction of carbonyl groups with the participation of coenzymes such as NADH or NADPH, which due to the costs, may represent a concern from the economic point of view [19, 20] . In the meantime, enzymes that can specifically catalyze the transformations of fluorinated compounds are rare, stimulating thus, studies in search of biocatalysts from different natural sources [21] .
In this scenario, the marine habitat offers a diversity of biocatalysts such as sponges, fungi and seaweeds, which present active and rugged enzymes [22] . Among the seaweeds, the Bostrychia radicans (Montagne) Montagne is a red alga belonging to the Rhodomelaceae (order Ceramiales) family, widely disseminated in tropical and warm temperate environments [23, 24] . In previous studies developed in our research group, the B. radicans alga and its isolated bacteria was used as catalyst for acetophenone derivatives bioreduction, leading to chiral alcohols with great enantioselectivity rates [25, 26] . These results opened the way for a new study, involving the isolated fungi from B. radicans alga, identified as Botryosphaeria sp. CBMAI 1197, Eutypella sp. CBMAI 1196, Hidropisphaera sp. CBMAI 1194 and Xylaria sp. CBMAI 1195. Therefore, in this study the biocatalyst potential of four marine fungi isolated from the B. radicans alga was evaluated in bioreduction reactions with the fluorinated ketones 1-3, searching for production of the chiral fluoromethylalcohols 1a-3a.
Materials and Methods

Reagents
2,2,2-trifluoro-1-phenylethanone 1, 1-(2(trifluoromethyl)phenyl ethanone 2 and 1-(2,4,5-trifluorophenyl)ethanone 3 were purchased from Sigma-Aldrich. All manipulations involving the fungi Botryosphaeria sp. CBMAI 1197, Eutypella sp. CBMAI 1196, Hidropisphaera sp. CBMAI 1194 and Xylaria sp. CBMAI 1195 were carried out under sterile conditions in a Veco laminar flow cabinet. Technal TE-421 or Superohm G-25 orbital shakers were used in the biocatalyzed transformation experiments. The products derived synthetically or from enzymatic processes were purified by column chromatography (CC) over silica gel (230-400 mesh) eluted with mixtures of n-hexane and EtOAc. The eluent column was monitored by TLC on pre-coated silica gel 60 F 254 layers (aluminum-backed: Sorbent) eluted with n-hexane and EtOAc (9:1, 8:2).
The reaction products were analyzed using a Shimadzu GC2010 with an auto injector AOC 20i gas chromatograph equipped with a flame ionization detector . Racemic secondary alcohols 1a-3a were prepared by reducing ketones 1-3 with sodium borohydride in methanol. Spectroscopic data of the alcohols 1a-3a were compared with the literature [27] . 
Collect and identification of marine alga B. radicans
The red alga 
Isolation of marine fungi associated with red alga B. radicans
The isolation of marine fungi associated with marine alga B. radicans was performed by A. L. L. 
Composition of the culture media
Identification of marine fungi associated with the alga B. radicans
Biocatalytic reduction of trifluoroacetophenones 1-3 by marine fungi isolated from B. radicans
Marine fungi isolated from the alga B. radicans were cultivated in 250 mL Erlenmeyer flasks containing MA2 L (100 mL) for 2 d, and then the ketones (1, 50.0 mg, 0.29 mM; 2, 50.0 mg, 0.20 mM; 3, 50.0 mg, 0.22 mM) previously dissolved in 300 µL of DMSO were added in culture medium containing the mycelia mass. The Erlenmeyer flasks were stirred at 32°C for 7 d on an orbital shaker (150 rpm). Afterwards, the fungal biomass was harvested by filtration and extracted with EtOAc (3 × 30 mL). The organic phases were filtered, dried over Na 2 SO 4 and evaporated under vacuum until dry. The reactions were analyzed by GC-FID, and the results are summarized in Tables 1-3 .
Absolute configuration
The optical rotation of the purified products were measured in a Perkin-Elmer (Walthan, MA, USA) 241 polarimeter with a 1 dm cuvette, at the sodium D-line. The absolute configurations of the alcohols 1a-3a were determined by comparing the measurements of its specific rotations with those reported in the literature [33] [34] [35] .
Results and discussion
The bioconversions of fluorophenylketones 1-3 catalyzed by whole cells of the marine fungi Botryosphaeria sp. CBMAI 1197, Eutypella sp. CBMAI 1196, Hidropisphaera sp. CBMAI 1194 and Xylaria sp. CBMAI 1195 are presented in Tables 1-3 . As seen in Table 1 , the reactions of 2,2,2-trifluoro-1-phenylethanone (1) with the fungus Botryosphaeria sp. CBMAI 1197 produced 100% of the respective S-alcohol 1a with high enantiomeric excess (> 99% ee). In this case, the whole cells of the marine fungus presented the ADHs and coenzymes required to produce the (S)-2,2,2-trifluoro-1-phenylalcohol 1a with high values of conversion and enantiomeric excess. The reduction with the fungus Eutypella sp. CBMAI 1196 also produced the respective S-alcohol 1a with > 99% of enantiomeric excess, demonstrating enzymatic selectivity. However, the conversion of fluorinated ketone 1 was moderate, with a production of 38% of S-alcohol 1a. The S-alcohol 1a produced by the reactions with The reactions were performed in 250 mL Erlenmeyer flasks containing 100 mL of culture medium MA L 2%, 50 mg (0,29 mmol) of the ketone 1 dissolved in 300 µL of DMSO (7 d, 130 rpm, 30°C). c = concentration determined by GC-FID analysis; c = conversion, ee = enantiomeric excess. The reactions were performed in 250 mL Erlenmeyer flasks containing 100 mL of culture medium MA L 2%, 50 mg (0,20 mmol) of the ketone 2 dissolved in 300 µL of DMSO (7 d, 130 rpm, 30°C). c = concentration determined by GC-FID analysis; c = conversion, ee = enantiomeric excess. the fungi Botryosphaeria sp. CBMAI 1197 and Eutypella sp. CBMAI 1196 were obtained with 2.4 mM and 0.7 mM isolated yield, respectively. In the case of reactions with the fungi Hidropisphaera sp. CBMAI 1194 and Xylaria sp. CBMAI 1195, although the S-alcohol 1a was produced with > 99% ee, these fungi did not exhibite the potential to produce the corresponding product. These initial results show the importance of screenings with different biocatalysts, which may present different enzymatic apparatus (Table 1) .
In the reactions with 1-(2-(trifluoromethyl)phenyl) ethanone 2, the fungi Botryosphaeria sp. CBMAI 1197 and Hidropisphaera sp. CBMAI 1194, exhibited the best potential as biocatalysts. In the reduction reactions with the fungus Botryosphaeria sp. CBMAI 1197 it was possible to observe the presence of selective enzymes to produce the S-alcohol 2a (> 99% ee) with moderated conversion value (c 46%) and 38% isolated yield. Enzymes from the fungus Hidropisphaera sp. CBMAI 1194 formed the antipode, R-alcohol 2a (c 40%, with 36% isolated yield), but with lower selectivity (58% ee). These results may be caused by the presence of various ADHs and coenzymes in whole cells of marine fungi, which can lead to chiral products with opposite enantioselectivity [30] .
The moderate values of conversions may be related to the presence of the substituent trifluoromethyl group in the ortho position of the aromatic ring. Different studies involving the bioreduction of ketones have demonstrated that the presence of a bulky group such as CF 3 at the ortho position may hinders the reduction of a carbonyl group [31] . The reactions with the fungi Eutypella sp. CBMAI 1196 and Xylaria sp. CBMAI 1195 exhibited low conversions, with 16 and 2%, respectively (Table 2) .
In the reactions with 1-(2,4,5-trifluorophenyl)ethanone (3), the highest enzyme activity and selectivity were also seen with the biocatalysts Botryosphaeria sp. CBMAI 1197, which provided 97% of conversion to the respective R-alcohols 3a, with > 99% ee and 90% isolated yield (Table 3 ). In reactions with the fungus Hidropisphaera sp. CBMAI 1194, a high value of conversion to the S-alcohol 3a was also obtained, producing 100% of the chiral alcohol 3a, with 87% isolated yield. However, enzymes from this fungi exhibited lower selectivity (53% ee), as previously occurred in reactions with the fluorinated ketone 2. Contrary, the fungi Eutypella sp. CBMAI 1196 and Xylaria sp. CBMAI 1195 not presented the same enzymatic potential of the previous fungi (Table 3) .
Studies have shown that depending on the number and the position, a fluorine atom substitution affects not only the electronic and structural properties of the molecule by itself, but also gives rise to uncommon intermolecular behaviors [32] . The results of high conversion values suggest that the presence of three fluorine atoms on the aromatic ring favored the fit of the substrate on the active site of NADH coenzymes and ADH enzymes. It is worth considering that this suggestion could also be applied to 2,2,2-trifluoroacetophenone substrate (Table 1 , with the fungus Botryosphaeria sp. CBMAI 1197). Both electronic and steric effects must have promoted the great performance of the reaction, providing enantiomerically pure fluorinated products in reactions with the fungi Botryosphaeria sp. CBMAI 1197 and Hidropisphaera sp. CBMAI 1194 [27] .
The optical rotations of alcohols 1a-3a obtained from the biocatalytic reductions were determined in a 1 dm cuvette using a Perkin-Elmer model 241 polarimeter and were referenced to the Na-D line. The absolute configurations of alcohols 1a-3a were determined by comparing the specific signs of rotation measured for the products with those reported in the literature (Table 4) .
The synthesis of fluorinated molecules is a very challenging area of organic chemistry because the rules that govern the synthesis of non-fluorinated analogs cannot be transposed to fluorinated compounds. A common approach is to exploit readily available fluorinated building blocks in a multi-step process towards more complex fluorinated targets [36] . In this context, bioreduction processes are often impressive due to the unmatched enantioselectivity of the enzymes in the case of generating chiral alcohols [12] . For the biocatalyzed reduction of fluorinated ketones, catalyst systems have been reported, including whole-cell systems c: concentration (g / 100 mL).
of several fungi and isolated enzymes [14] . Baker's yeast was used to reduce several fluorinated compounds with rather high enantioselectivity and alcohol dehydrogenase from Leifsonia sp. Strain S749 (LSADH) was used to reduce 2,2,2-trifluoroacetophenone 1 to (S)-1-phenyltrifluoroethanol 1a with 99% ee [37, 33] . In this study, we presented reduction reactions of ketones 1-3 with four marine fungi isolated from red alga Bostrychia radicans. These studies have received expressive attention in our group since the alga B. radicans and its associated microorganisms have proved to be high potential biocatalysts.
Conclusions
Many biocatalysts present high chemo-, regio-and stereoselectivity at room temperature, making them superior to chemical catalysts. However, biocatalysts that can specifically catalyze the transformations of fluorinated compounds are rare. In the same way, studies in search of marine enzymes remains scarce, stimulating new research since the marine habitat can provide a variety of new active enzymes for biotransformations. Here, we presented stereo-selective reductions of fluorophenylketones 1-3 by marine fungi isolated from the marine red alga B. radicans, where the fungus Botryosphaeria sp. CBMAI 1197 produced enantiomerically pure alcohols 1a-3a with 99% ee. Therefore, this microorganism was an excellent biocatalyst in the reduction of fluorinated ketone 1-3. These studies are of relevance to the possible production of fine fluorinated chemical products, favoring environmental and economic aspects.
